acute subdural hemorrhage which evokes an inflammatory process (3, 14, 15) .
CSHD is the most frequent hemorrhagic event associated with AC development (2,13, [16] [17] [18] [19] 22, 25) . Parsch et al. reported 2.43% incidence of ACs in their study of 658 patients (18) . However, very few studies have reported about this subject.
The common practice of CSDH treatment in leading neurosurgical centers tends toward minimal invasive surgical approaches using a burr-hole craniostomy (BHC) (20) .
This study aimed to investigate the neurological and radiological features and mid-term outcomes of patients with CSDHs associated with ipsilateral AC. We discussed the probable causes of these associated conditions to rationalize the surgical treatment.
█ MATERIAL and METHODS
This study was a retrospective review of all clinical records and imaging studies of a neurosurgery clinic between August 2004 and August 2012. During this period, 453 patients diagnosed with CSDH were treated. Among them, 15 patients who had an ipsilateral AC were included in this study. Table I outlines the summary of the data of this series.
MRI or computed tomography (CT) findings were noted in terms of laterality (unilateral and bilateral), thickness of the lesion, midline shift, and lesion volume. Furthermore, 14 patients were surgically treated, and one patient was observed, with clinical observation as the first treatment option. The Galassi classification system was used for classifying ACs (5,6). All patients who were surgically treated underwent early cranial CT scanning and late MRI during the follow-up period.
All hematomas were evacuated and irrigated using isotonic saline solution at body temperature through a single burr hole performed at where the hematoma was wide, except in one patient. A closed-system subdural drainage was continued 2-4 days postoperatively. Figure 1 shows the treatment flowchart we followed.
Patients were followed up through clinical examinations and cranial MRI or CT scans at 1, 6, and 12 months after surgery. The neurological status on admission and that on discharge were classified according to the grading scheme for CSDH proposed by Markwalder (15) .
█ RESULTS
A total of 453 patients diagnosed with CSDH were admitted during a 9-year period. Among them, 438 patients were without AC, and the mean age of 58 patients was 11 ± 14.22 years. In 15 patients, CSDH associated with ipsilateral AC in the middle fossa was found. Moreover, 10 patients (66.7%) were male, and 5 were female (33.3%). The mean age was 13.93 ± 12.37 years, and mean follow-up was 43.07 ± 23.23 months. In addition, 8 of 15 patients were aged below 10 years. Eleven patients had experienced head trauma 21-50 days before admission, but two of them had no history of trauma. Falls were the most frequent trauma type. The mean CSDH hematoma thickness was 11.1 ± 2.62 mm (Table I) .
According to the Galassi classification system, the ACs were type I in four, type II in nine, and type III in two patients. One patient who had type I AC with CSDH, which is 3 mm in diameter, was observed without surgical intervention. The other 14 patients underwent surgery. Three patients with Galassi type I AC and nine patients with Galassi type II AC demonstrated the complete resolution of CSDH on follow-up CT examinations, and they were treated using BHC irrigation and non-vacuuming drainage. One of the patients with Galassi type III AC also had a posterior fossa AC. At first, he underwent BHC with drainage. However, drainage was terminated on the third postoperative day, and he was discharged on the fifth day after surgery. One week later, he was admitted with swelling on the operation field. Cranial CT scan showed mild subdural and subcutaneous fluid collection. He recovered after the placement of a low-pressure subduroperitoneal shunt system. CT scans were performed on the fourth postoperative day in patients with type III AC, in whom drainage was terminated on the third postoperative day, and revealed subdural fluid collection. On the same day, subduroperitoneal shunting was performed. All patients returned to their daily activities within 15 days after surgery. Their neurological examinations were found to be normal (Markwalder grade 0), and they were free of headache at long-term follow-up. 
Illustrative Case
A 10-year-old male patient who had a bicycle accident 1 month ago was admitted to the emergency room. He complained of headache for 10 days, drowsiness, and left-sided weakness of the arm and leg (Case 4). Physical examination revealed no sign of acute trauma. Neurological examination showed confusion and left-sided hemiparesis. CT scans revealed subacute subdural hematoma, 25 mm in diameter, in the right frontotemporoparietal region which caused an 11-mm midline shift. An isodense image which measured 33×35 mm on the right temporal lobe was interpreted as AC ( Figure 2A ). The decision was to perform immediate surgery because of the patient's neurological status. An MRI scan was avoided to not lose any time. The hematoma was evacuated and irrigated with isotonic saline solution through a single burr hole, and a closed-system subdural drainage was placed. The AC was left intact. His consciousness and hemiparesis immediately recovered after the surgery. The postoperative CT scans showed near-complete drainage of the hematoma. The drainage system was pulled out on the third postoperative day.
The MRI scans on the fourth postoperative day showed that the hematoma was totally drained, the AC was intact, and the back of the AC contained partially hemorrhagic characteristic ( Figure 2B ). The patient was discharged on the sixth postoperative day with perfect recovery. Figures 3A-C; 4A, B; 5A-C show other case examples.
█ DISCUSSION
The etiology of AC is not widely explained. This condition occurs when the space formed by the separation of the two layers of the arachnoid membrane is filled with cerebrospinal fluid (7,21). Basically, it is considered that the cavity caused by minor developmental anomalies is wrapped with arachnoid membranes (2, 16, 21) . The dural border cells beneath the dura mater are attached to the arachnoid mater in tight junctions (3, 8, 18) . The loosening of these junctions as a result of possible trauma forms cavities called subdural components. Moreover, CSDH is considered to have occurred as a tiny bleeding, which triggered an inflammatory process in these junctions (3). Developmental disorders of the arachnoid membranes will make these junctions weaker (2,16,18).
Generally, CSDHs occur in elderly patients who had a head trauma more than 3 weeks previously (14) . Classically, CSDHs contain dark motor oil-like fluid which differ from CSF and probably arise from acute subdural hemorrhage, which evokes an inflammatory process. It was first described by Virchow, in 1857, as "an internal hemorrhagic pachymeningitis." Later, in 1914, Trotter launched the theory of traumatic brain injury, and the consecutive lesion of the "bridging veins" was the cause of what he called "hemorrhagic subdural cyst" (14) .
The detailed features of AC-associated CSDH remain not unelucidated. Hemorrhage is considered to emerge from the small bridging vessels surrounding the cyst wall between the dura and outer membranes of the cyst wall or floating inside the cyst. Several authors have emphasized the structures of relationships between the location of AC and CSDH on neuroimaging studies: (1) a CSDH close to an AC, (2) a CSDH apart from an AC at the ipsilateral side, and (3) a CSDH apart from an AC at the contralateral side. CDHs were found to be close to the ACs in all of our reported patients.
between the dura and arachnoid membrane (17, 25, 27) . We consider these small vessels as the source of initial bleeding that leads to the development of CSDH in patients with an AC. Therefore, the presence of an AC may be a risk factor for the development of CSDH (18) . There are three types The BHC approach has replaced the more aggressive craniotomies that were the standard-of-care until the report by Markwalder in the early 1980s (15) . Little evidence has been found in the literature on the management of CSDH. BHC has been associated with reduced morbidity compared with craniotomy (3.8% vs. 12.3%, respectively)
Several options for the treatment of AC include craniotomy and fenestration, endoscopic fenestration, and cystoperitoneal shunting. Optimal management of the AC associated with subdural fluid collection also remains controversial (2,13, 16, 18, 19, 22, 27) . Some studies have reported good results of hematoma drainage, leaving the AC intact (12, 18, 27) . Some studies have advocated drainage with burr hole and arachnoidoperitoneal shunting performed simultaneously CSDH with the presence of AC in eight cases. In all the cases (2), AC was left intact, and CSDH was drained with a burr hole. Follow-up MRI showed that the view in the AC that is compatible with chronic hemorrhage disappeared with time. 2) considered that the AC may not be the source and that destructed blood may have diffused through the weak cyst membrane in chronic hemorrhage found in the AC in some cases. The follow-up cranial MRI showed resolution of hemorrhage in cases with CSDH drainage, and the finding of this study supports their suggestion. Again, this idea supports that AC and CSDH are two different conditions and that they should be treated differently.
To our knowledge, there has been no published report on the treatment algorithm for AC-associated CSDH. We propose that the size of AC could affect the treatment course of CSDH. Therefore, we used the Galassi AC classification system. The conservative treatment in one patient with Galassi type 1 and BHC and drainage of 10 patients with grades 1-2 CSDH were found to be sufficient. Subduroperitoneal shunting besides BHC surgery was required for two patients with Galassi type III AC. In our series, CSDH and AC are considered two different conditions; 14 of 15 patients were treated with surgery. CSDH was treated by drainage, and AC was left intact in patients with Galassi type I and II AC. Additional SDS was performed on Galassi type III patients. As fenestration of the cyst wall carries some risks of morbidity, such as re-bleeding, epidural hematoma, and subdural hygroma, we assumed that treating AC simultaneously with hematoma drainage is not necessary unless AC causes symptoms (23, 26) .
█ CONCLUSION
We suggest a management algorithm for patients with ipsilateral AC-associated CSDH. If there is no evidence of acute bleeding in the AC, Galassi type I and type II ACassociated CSDHs can be treated with BHC drainage and irrigation of the cavity alone, leaving the AC membrane intact. In the treatment of Galassi grade III AC-associated CSDH, if there is swelling and CSF fistula on the operation site or recurrence of the hematoma or subdural effusion, then
